Airway distensibility although appears to be unaffected by airway smooth muscle tone probably related to airway remodelling, after bronchodilator treatment is significantly increased in subjects with asthma. We assessed airway distensibity and its first moment derivative in two patients with mild intermittent asthma and normal spirometry. The increase in airway distensibility after bronchodilation measured at the tidal volume range during quiet breathing by forced oscillations was not accompanied by a change in its first moment, while the latter showed a significant increase in a second patient after anti-inflammatory treatment. It appears that airway distensibility is sensitive to reduction of bronchial smooth muscle tone after bronchodilation, but in addition its first moment might provide information on a change of both bronchial smooth muscle tone and small airways inflammation.
Introduction
Forced oscillometry is probably a technique that could be included in routine clinical practice in order to provide useful data related to the underestimated severity of small-airway obstruction in bronchial asthma and bronchial hyper-responsiveness (BHR) .
The derivative, or first moment of airway distensibility (DD), assessed as the linear regression slope of conductance versus lung flow, is not currently measured in routine clinical practice, even though it could provide crucial clinical information concerning the different effects of bronchial smooth muscle tone and mucosal inflammation on airway caliber.
Our hypothesis was that in the former case first moment DD would not change significantly, whereas it would show an analogous change in the latter case. We present a clinical example of two patients treated in our department who reflected these different conditions.
As research in forced oscillation physiology is an ongoing hot topic, studies incorporating and assessing the value of new indices in BHR and small-airway physiology in general might prove clinically useful.
Case report
Performing studies with provocation tests with small airways measurements, e.g. impulse oscillometry, and small-particle stimuli will give better insights into BHR of the small airways, but little is known about the severity of small airways obstruction and the severity of BHR [1] . Oscillometry provides analysis of intrabreath mechanics and recently airway distensibility has been measured (as the relationship of the conductance-lung volume relationship) and found to be more sensitive in assessing bronchodilator responsiveness in relation to reactance vs lung volume [2] . However because of the known effect of flow on resistance [3] , the first moment of airway distensibility, assessed as the conductance-lung flow relationship and its change after bronchodilation or anti-inflammatory treatment has not been assessed to date, although it might provide information regarding the behavior of small airways to change.
Case 1
Asymptomatic patient with chronic intermittent asthma. Normal spirometry (flow-volume curve) after maximum effort: FEV1=80,7%, FEV1/FVC=81%, FEF25-75=72,6 (pred). Forced oscillations of the same patient (before and after inhalation of 400 µgr salbutamol), were performed (coherence function >0.90), IOS System Jaeger ( Figure 1 and Table 1 ): An increase of Resistance R(rs5), Reactance at 5 Hz (X(rs5), of resonant frequency (RF) and a negative frequency dependence is found. After bronchodilation: reduction of Reactance area (a sensitive index of small airways, AX): 25%. Changes in conductance (reciprocal of resistance) at 5 Hz (G (rs5)) were related to changes in lung volume, linear regression slope of ΔG(rs5)/ΔV(L), an index of airway distensibility and showed relatively greater change (increase) of airways distensibility, (cm H2O -1 *sec -1 ) of 34%, which is explained by a reduction of bronchial smooth muscle tone because of a beta agonist effect and not to anti-inflammatory action (fall of R(rs5), X(rs5), AX, RF, but persistence of negative frequency dependence) [4] . However the derivative of distensibility (first moment), linear regression slope of ΔG(rs5)/Δflow, cmH 2 O -1 *(sec -1 ) [2] , showed an insignificant change of 2.8%.
Case 2
A patient with mild asthma exacerbation, after using for 12 weeks inhaled steroid therapy, showed similar changes as above (difference Brown et al. found that airway distensibility is unchanged after bronchodilation and probably reflects airway remodeling in asthma [6] . However their methodology included measurements at the TLC or near the TLC range and it is known that elevated airway tone causes airway constriction which may be overcome by a deep breath and to the progressive insensitivity of airway distensibility to airway smooth muscle tone at higher lung volumes (curvilinear relationship).
In this study we assessed the effect of elevated airway smooth muscle tone around FRC (linear portion of the conductance-volume diagram), which causes reduction of airway compliance and stiffer lungs in asthma. Reduction of airway tone by bronchodilation alters airway distensibility by FOT by decreasing lung elastance, so, in real life situations as in the present study, alterations in airway distensibility reflect bronchial tone and peripheral mechanical tissue properties [6, 7] .
The findings of our study in mild intermittent asthma patients are in agreement to the data of Kelly et al. concerning changes of airway distensibility and respiratory system reactance [2] (there is practical no difference between 5-8 Hz oscillations protocol). The validity and usefulness of the first moment of airway distensibility as a more sensitive index of a significant change in small airway pathology should be corroborated in future larger prospective studies.
from baseline), but also the negative frequency dependence was reduced (graph not shown). Airways distensibility and its first moment showed much greater and quasi-similar changes, probably reflecting a reduction of both bronchial airway smooth muscle tone and inflammation (97% and 46% respectively).
Discussions and conclusions
Forced oscillation technique (FOT) offers a simple and detailed approach to investigate the mechanical properties of the respiratory system. The method is simple, requires no patient cooperation and no forced expiratory maneuvers. The information provided by FOT is considered complimentary to spirometry [5] . In this study, for the first time, airway distensibility and its first moment were assessed in patients with mild intermittent asthma having normal spirometry. We found that airway distensibility was more sensitive to bronchodilation in relation to other oscillometric indices. When airway inflammation is present, then airway distensibility along with its first moment probably might better reflect the change of flow resistive properties of small airways. pime pime pime pime p pi im me e EDITRICE 
